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1078–5Objective. To study whether surgical trainees can perform arteriovenous fistula (AVF) surgery to a standard comparable
to consultants.
Patients and methods. Retrospective study of all vascular access surgery over a three year period at a single centre. The
operating surgeon was identified from theatre log books and categorised by grade. Fistula patency was used as the primary
outcome measure and was determined from patients’ case-notes and from a prospectively collected electronic record of
dialysis sessions. Patency was defined as ‘‘used for dialysis’’ if the AVF was used for dialysis for at least 6 consecutive
sessions.
Results. One hundred and eighty six cases were used for analysis. In 60 cases (32%) the operating surgeon was the
consultant, in 53 cases (29%) a trainee was supervised by a consultant, in 56 cases (30%) a trainee performed the operation
independently and in 17 cases (9%) the grade of the operating surgeon could not be established. Primary and primary
assisted patency rates by operating surgeon did not differ significantly (P-values 0.25 and 0.16 respectively). Age of the
patient was the only predictor of patency failure in a multivariate model. Grade of operating surgeon (logrank test
c2¼ 3.1, p¼ 0.38) and type of fistula (logrank test c2¼ 2.3, p¼ 0.52) were not significantly related to the primary
survival of the fistula.
Conclusions. This study showed no significant differences in AVF patency rates between trainee and consultant surgeons.
Allocation of appropriate cases can result in trainees obtaining similar outcomes as consultants, demonstrating that
dialysis access surgery can provide good training opportunities for junior doctors without detriment to patient care.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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We aim to study whether surgical trainees can
perform arteriovenous fistulae (AVF) surgery of
a comparable standard to consultants.
Autogenous AVF are the optimum method for
dialysis access. This is supported by the National
Kidney Foundation Department Outcomes Quality
Initiative guidelines.1 The preferred type of perma-
nent access is a primary radio-cephalic fistula, sited
at the wrist. A second choice is the brachiocephalic
fistula at the elbow.1 Arteriovenous access surgery
can provide excellent opportunities for training in
vascular surgical techniques. However, there issponding author. Mr. T. Wilmink, MD, MPhil, FRCS, Depart-
of Vascular Surgery, Birmingham Heartlands Hospital,
ley Green East, Birmingham B9 5SS, United Kingdom.
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884/000614+ 05 $34.00/0  2007 European Society for Vasculauncertainty whether training junior doctors may
affect outcome and as a result be detrimental to pa-
tient care. The evidence in the literature is conflicting.
Some studies showed that the grade of operating
surgeon affects AVF outcomes.2e4 Others found no
significant differences in AVF outcomes when taking
into account the seniority of operating surgeon.5
Research into education and training of surgeons in
other aspects of surgery has led to similar conflicting
conclusions. Some studies demonstrated no signifi-
cant differences between the outcome of various
types of operation when a senior surgical trainee or
consultant performs the procedure.6e8 Using the
index operation as repair of inguinal hernia, junior
surgical trainees have been shown to have similar
recurrence rates to consultants as long as they were
supervised by a senior trainee or consultant. How-
ever, junior trainees were found to have an unaccept-
ably high failure rate when operating alone.7 On ther Surgery. Published by Elsevier Ltd. All rights reserved.
615Effect of Operating Surgeonother hand, a prospective study found that senior
surgical trainees operating without supervision on
varicose veins had higher recurrence rates than
consultants.9 We studied whether surgical trainees
can independently perform arteriovenous fistulae
(AVF) surgery with subsequent patency rates compa-
rable to that of a consultant surgeon, and whether
direct ‘‘scrubbed’’ supervision of a trainee compared
to indirect ‘‘in-hospital’’ supervision had an affect on
fistula patency rate.Methods
A retrospective study was performed of all vascular
access surgery carried out at Birmingham Heartlands
Hospital between 1 February 2001 and 31 January
2004. These procedures were identified via the
clinical coding system in place at the hospital. All
vascular access surgery was carried out by a team
of vascular surgeons consisting of 4 consultants and
2 trainees who were in the first year of higher surgical
training. All patients were seen preoperatively and
examined clinically by the renal registrar and a vascu-
lar trainee. Both were trained by a consultant with an
interest in vascular access. If required the patients
were examined with a portable ultrasound by the
vascular trainee. Radiocephalic and brachiocephalic
fistulas were routine performed under a local anaes-
thetic field block. Brachio-basilic transpositions were
routinely performed under a general anaestetic.
Magnifying loupes were routinely used for all cases.
The operating surgeons were identified from theatre
log books and categorised by grade. AVF surgery
was carried out by consultants alone or by trainees
under direct or indirect supervision. Direct supervi-
sion is defined as the consultant in theatre directly
supervising the trainee. Indirect supervision is
defined as the trainee operating independently with
consultant available in hospital to help if required.
In the clinical setting of the study, the consultants
determined which trainee could operate under indi-
rect supervision after direct clinical observation of
the trainee’s operating skill and experience. The renal
registrar and vascular trainee decided whether or not
the patient was suitable for an unsupervised trainee
list. A consultant was available for advice if required.
AVF formation in a patient without a previous
arteriovenous fistula or graft was defined as ‘‘first
ever access’’.
AVF outcomes were determined from patients’
case-notes and from a prospectively collected
electronic record of dialysis sessions. This database
records all patients and the type of access used foreach dialysis session. Outcome was defined in term
as ‘‘used for dialysis’’ if the AVF was used for dialysis
for at least 6 consecutive sessions alone. Creation date,
date of failure of access and the reason for failure were
noted. A fistula was assessed for dialysis after at least
six weeks. Failure to mature was defined as a fistula
which was patent on clinical or ultrasound examina-
tion was inadequate for dialysis as judged by the renal
team. Thombosis was defined as a fistula which lost it
thrill or bruit and the thrombosis was confirmed on
a portable ultrasound scanner used in the renal
department. Interventions required to salvage access
if blocked, were recorded. Primary patency and
primary assisted patency were determined. Primary
patency was defined as all AVF used for dialysis after
initial surgery without further intervention. Primary
assisted patency was described as all AVF used for
dialysis with or without repair after initial AVF
surgery. Primary patency is accounted for in primary
assisted patency. Primary failure was defined as an
AVF used for less than 6 consecutive dialysis sessions
after initial surgery. No patient was contacted for this
study so ethical approval was not needed.
Comparison of failure rates between groups were
done with Chi squared tests and multivariate
analysis was done with a logistic regression model.
Kaplan-Meier plots and logrank tests were used for
survival analysis. Events were counted as failures if
the reason for failure was fistula related. Events
were censored on the failure date if the patient
died. All statistical analysis was done with STATA 8
for Windows (STATA Corporation College Station
TX USA).Results
A total of 196 episodes of arteriovenous access
formation were identified over a three year period
between February 2001 and January 2004. In four
cases no follow up data were available and in six
cases an arteriovenous graft was inserted. These cases
were excluded from analysis. A total of 186 cases were
used for analysis, which included 19 cases of AVF
revision. In 61 cases (32%) the operating surgeon
was the consultant, in 53 cases (29%) a trainee was
supervised by a consultant, in 56 cases (30%) a trainee
performed the operation unsupervised and in 17 cases
(9%) the grade of the operating surgeon could not be
established with certainty. Indirectly supervised
trainees were all at Specialist Registrar level. Single-
incision AVF, meaning radiocephalic or brachioce-
phalic AVF, accounted for 160 cases (86%) and were
made by all groups of surgeon in equal proportions.Eur J Vasc Endovasc Surg Vol 35, May 2008
Table 1. Patient population and type of vascular access procedure performed by operating surgeon
Consultant Directly supervised
trainee
Indirectly supervised
trainee
Unknown surgeon P-value
Total number 60 53 56 17
Male sex (%) 37 (62%) 27 (51%) 31 (55%) 10 (59%) 0.71
Mean age (sd) 65 (16) 62 (17) 67 (11) 67 (11)
RCAVF 35 (58%) 31 (59%) 40 (71%) 12 (71%) 0.58
BCAVF 16 (27%) 13 (25%) 11 (20%) 2 (12%) 0.58
BBAVF 6 (10%) 7 (13%) 2 (4%) 1 (6%) 0.58
Unknown fistula 3 (5%) 2 (4%) 3 (5%) 2 (12%) 0.58
First ever access 68% 59% 70% 65% 0.62
Numbers and in brackets the percentages of the total number. Percentages are of the total number of fistulas (186) in the top row and
RCAVF is a radio-cephalic AV fistula at the wrist, BCAVF is brachio-cephalic AV fistula at the elbow and BBAVF is brachio-basilic fistula
at the upper arm. First ever access is defined as AVF formation in a patient without any previous arteriovenous fistula or graft.
0.00
0.25
0.50
0.75
1.00
0 500 1000 1500
Kaplan-Meier survival estimates, by supervision
616 Z. Gundevia et al.They comprised 118 (74%) radio-cephalic AVF and 42
(26%) brachio-cephalic AVF. More complex vascular
access, such as brachio-basilic AVF with vein transpo-
sition, waspredominantly performedby consultants or
directly supervised trainees. Thirteen brachio-basilic
AVF were formed by consultants and supervised
trainees and this made up 81% of all brachio-basilic
AVF procedures.
Basic demographic data and data about type of
fistula by operating surgeon are shown in Table 1.
Age, gender, type of AVF and first ever access were
not significantly different between the groups. AVF
were used for dialysis without any intervention in
99 (53%) cases, and 111 (60%) AVF were used for
dialysis in total. Primary patency rates and primary
assisted patency rates by operating surgeon did not
differ significantly and are shown in Table 2. Only
age of the patient was an independent predictor of
failure in a multivariate model which incorporated
the age and gender of the patient, type of surgeon,
type of AVF and whether or not it was the first ever
vascular access. Each additional year of age of the pa-
tient increased the odds ratio of primary failure by
2.3% (95% CI: 4.8% to 0.4%). Survival analysis showed
that grade of operating surgeon were not significantly
related to the primary survival of the AVF both for all
AVF (logrank test c2¼ 3.1, p¼ 0.38) and for single
incision AVF (logrank test c2¼ 3.8, p¼ 0.28). This is
illustrated by Kaplan-Meier survival curves in Figs. 1
and 2 respectively. Fig. 3 shows that fistula patency
did not differ significantly between different typesTable 2. Percentage values of primary and primary assisted
patency of AV fistulae in each group of operating surgeon
Patency Consultant Direct
supervision
Indirect
supervision
Unknown P-
value
Primary 46% 64% 52% 47% 0.25
Assisted 51% 70% 63% 47% 0.16
Eur J Vasc Endovasc Surg Vol 35, May 2008of AVF (logrank test c2¼ 2.3, p¼ 0.52). The main rea-
sons for primary failure were failure to mature in 29
cases (33%), thrombosis in 26 cases (30%) and patient
death in 18 cases (21%). The reasons for failure were
similar for all groups both for all types of AVF and
for RCAVF (Tables 3a and 3b).Discussion
This study showed no significant differences in
primary and primary assisted patency AVF outcomes
between trainee and consultant surgeons. The only
predictor of AVF failure was age of the patient.
This is not a randomised study and the comparison
between the groups is therefore subject to bias. In our
clinical setting, patients were allocated to surgeons by
the complexity of the vascular access procedure. Theanalysis time
supervision = consultant supervision = supervised
supervision = unsupervised supervision = unknown
Fig. 1. Kaplan-Meier survival curves of AV fistulae by grade
of operating surgeon. Supervised denotes the trainee per-
formed the operation directly supervised by the consultant.
Unsupervised implies a trainee performed the operation
independently with a consultant available in the hospital.
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Fig. 2. Kaplan-Meier survival curves of single incision AV
fistulae (RCAVF or BCAVF) by grade of operating surgeon.
Supervised denotes the trainee performed the operation
directly supervised by the consultant. Unsupervised implies
a trainee performed the operation independently with a con-
sultant available in the hospital.
Table 3a. Reasons for failure and their frequencies, for all types of
fistulae, according to operator experience
Reason for
failure
Consultant Supervised Unsupervised Unknown Total
Thrombosis 18 14 10 2 44
Failed to
mature
13 6 13 5 37
Steal 2 0 1 0 3
Patient died 11 14 16 4 45
Other and
unknown
5 6 3 3 17
Total (n) 49 40 43 14 146
617Effect of Operating Surgeonrenal registrar and vascular trainee decidedwhether or
not the patientwas suitable for anunsupervised trainee
list after being appropriately trained by a consultant
with an interest in vascular access. This bias was there-
fore not systematic and not consistent, as the trainees
would have gained more confidence during there
training and were as a result likely to take on more
challenging cases. This is illustrated by the observation
that consultants and directly supervised trainees thus
had a lower proportion of first ever vascular access
compared to unsupervised trainees. However, more
complex cases such as brachiobasilic fistulae with
vein transposition surgery were usually made by0.00
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analysis time
Kaplan-Meier survival estimates, by typeavf
typeavf = rcavf typeavf = bcavf
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Fig. 3. Kaplan-Meier survival curves of AV fistulae by type
of fistula created. RCAVF is a radio-cephalic AV fistula at the
wrist, BCAVF is brachio-cephalic AV fistula at the elbow and
BBAVF is brachio-basilic fistula in the upper arm.consultants (38%) or trainees under direct supervision
(44%), but also by trainees on their own (13%).
Secondly, the patient characteristics did not differ
significantly in each group of operating surgeon ana-
lysed. And finally, we believe that this bias does not
alter our conclusions as single-incision AVF accounted
for 86% of all AVF and were performed by all surgeons
in equal proportions and the survival curves for all
types orAVF and single incisionAVFare virtually iden-
tical. Furthermore, neither the multivariate analysis
nor the survival analysis showed a significant differ-
ence for type of AVF or first ever access in terms of
patency between consultants and trainees. This sug-
gests that single-incision AVF formation can be per-
formed by surgical trainees to a standard comparable
to consultants and that trainees may operate under in-
direct supervision when consultants have taken their
procedural skills, experience and decision making
into account.
This study did not analyse outcomes for individual
surgeons due to the relatively small numbers of
patients per surgeon. Prischl et al. reported differences
in AVF outcome between individual surgeons. It was
found that the number of years each surgeon had
trained for did not affect AVF patency but the centre
at which each surgeon performed had a bearing on
patency rates.3 Given that our study was performed
at a single hospital, Prischl’s findings could support
our conclusion.
We conclude from this study that training of
vascular surgical trainees in vascular access can beTable 3b. Reasons for failure and their frequencies, of radio-
cephalic fistulae, according to operator experience
Reason for
failure
Consultant Supervised Unsupervised Unknown Total
Thrombosis 11 8 7 1 27
Failed to
mature
9 3 10 3 25
Steal 0 0 1 0 1
Patient died 5 9 11 3 28
Unknown 4 4 1 2 11
Total (n) 29 24 30 9 92
Eur J Vasc Endovasc Surg Vol 35, May 2008
618 Z. Gundevia et al.performed with no detriment to patient care. This al-
lows opportunities for trainees to acquire procedural
skills and experience decision making in vascular ac-
cess surgery. Sharing the workload of vascular access
surgery by allowing trainees to operate under indirect
supervision may also reduce waiting times for crea-
tion of vascular access, which has been highlighted
as a particular problem for the United Kingdom.10
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